Abstract. Drying is widely used as a method to preserve food because of its convenience and affordability. Drying of ginger using tray dryer were carried out at various drying conditions, such as air-drying flow, air-drying temperature, and sample dimensions, to achieve the highest drying rate. Samples with various dimensions were placed in the tray dryer and dried using various air-drying flow and temperatures. The weights of samples were observed every 3 minutes interval. Drying was stopped after three times of constant weighing. Data of drying was collected to make the drying curves. Drying curves show that the highest drying rate is achieved using highest air flow and temperature.
Introduction
Ginger (Zingiber officinale) is a herb plant. Fresh ginger root is usually consumed as spice in the tropical countries and dried ginger is used as medicinal plant internationally. Dried ginger is usually used as spice or medicine. Quality specifications for export as medicinal herb required it to be properly cut into pieces, well dried and proper storage [1] .
Drying process plays an important role in the preservation of agricultural products due to its energy efficiency. Drying has been used since ancient times. Hot air drying is the most frequently used in dehydration operation in the food and chemical industry. The wide variety of preserved foods, which today are available to the consumers and the interesting concern for meeting quality specifications and energy conservation, emphasize the need for a thorough understanding of the drying process [2, 3] .
Drying rate is calculated by measuring the weight of a drying material over function of time. Drying rate curves represented in three different types of plots that are drying rate versus sample dimension, drying rate versus drying-air temperature and drying rate versus drying-air flow.
The objective of this study is to determine the effects of the variables and to find which variable resulting the fastest drying rate of ginger samples.
Materials and Methods

Equipment
The tray dryer (Armfield UOP 8) is shown in Figure. 1. This is an equipment unit at The Unit Operation Laboratory of the Department of Chemical Engineering Universitas Sumatera Utara. This equipment consists of three trays. The tray dryer also equipped with air-drying temperature and airdrying flow control. 
Materials
Ginger used in all experiments were obtained from traditional market around Universitas Sumatera Utara. In order to perform all the experiments in identical conditions, ginger are selected manually. Then the gingers were skinned and cut into 2 different bar shape with different thickness. 
Experimental Procedure
In order to obtain the evaluation factors used for the research, measurement of air-drying temperature and moisture content were made. Drying time was determined with a stopwatch. The drying air temperature was controlled with the aid of a thermostat attached to the heating element of the dryer, which was previously calibrated to read its maximum at the drying air temperature and turn off heating if maximum threshold is exceeded. Two drying-air temperature (36 o C, 39 o C) and two drying-air flow (4,0 m/s, 4,5 m/s) were applied. The ginger samples were weighed to obtain the initial sample weight. Three of same dimension samples that had been cut were placed into each trays. The change of weight recorded every 3 minutes. Drying was stopped after three times of constant weighing. Data obtained from the weight measurement then used for calculating the moisture content and drying rate of the samples. Then the dry-weight basis moisture content (M d ) can be written as follows [4] (1)
Where, w = initial sample weight, g & d = weight of dry product, g. Moisture content on dry-weight has been used for all calculation purpose in this paper. M d then used for calculating the drying rate (R). R can be written as follows [5] ( ) shows the drying rate when the ginger samples were dried at the respective dimension of (4 x 2 x 0,1) cm and (4 x 2 x 0,2) cm and drying-air temperature of 36 o C and drying-air flow of 4,0 m/s. The drying rate reach constant value at minute 63 for run I and minute 81 for run II. Kim et al. [6] reported that with the increasing of surface area, the drying rate is decrease. Figure 3 . shows the drying rate when the ginger samples were dried at the respective air-drying temperature of 36 o C and 39 o C and sample dimension of (4 x 2 x 0,1) cm and drying-air flow of 4,0 m/s. The drying rate reach constant value at minute 57 for run III and minute 63 for run IV. Tzempelikos et al. [7] state that drying-air temperature influencing the drying rate. The heat transfer seems to be most significant for higher drying-air temperature. shows the drying rate when the ginger samples were dried at the respective air-drying flow of 4,0 m/s and 4,5 m/s and sample dimension of (4 x 2 x 0,1) cm and drying-air temperature of 39 o C. The drying rate reach constant value at minute 39 for run V and minute 45 for run VI. Chinenye [8] state that drying rate increase with increasing drying-air flow but decrease with increasing time. 
Results and Discussion
Effects of Sample Dimension on the Drying Rate
Effects of Drying-Air Temperature on the Drying Rate
Conclusion
From the study it can be concluded that the drying rate is affects by variables, such as drying-air temperature, drying-air flow, and sample dimension. The best drying rate in this study is achieved by using the drying-air temperature of 39 o C and drying-air flow of 4,5 m/s for the drying of ginger sample with dimension of (4 x 2 x 0,1) cm (Run VI).
